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それぞれ,コマツナが 74%,ベンリナ 74%,チンゲンサイ 88%,パクチョイ 68%となり,TDS
1000ppmの塩類濃度でも明らかに生育が抑制された。2000ppm区ではさらに抑制の程度が強くな









0            1000          2000
コマツナ      33±5,1    25±0.9   13±2.8(g/株)
ベシリナ      83±5,5   62±4.1    45±7.5
チンゲシサイ    95±4.6   84±7.4   55±3.9







0            1000          2000
コマツナ      2.9±0.36   2,4±0.14   1.4±0.24(g/株)
ベンリナ       7.3±0,34   5,4±0.21   4,3±0.6
チンゲンサイ   6.5±0.28   6.0±0,31   4.5±0。16


































































品種           塩類濃度(bpm)





品種           塩類濃度(ppm)
0            1000          2000
注)1993年4月19日播種i調査は播種40日後に行つた.
各値は10個体の平均也 士以下は標準誤差を示す。
塩類濃度Cppm) _____  ――0          1000         2000
第7表 潅水に用いた希釈海水の塩類濃度とオカヒジキの地上部重
との関係
生体重  34 ±3,0  36 ±1,9  39 ±2,1(g/株)












































































`オー ライ'を除く12品種はOppm区より1000ppⅢ区で生体重が大きく, `ワンマン' `バロ





2  ワンマン3  おかめ4 グロー リー5   トライ6  マナスル7  ′ヽロック8 丸粒東海9  モンタナ
10   リー ド








































































































































































地上部乾物重を第 10表に示す。 `オー ライ'と`パレー ド'を除くH品種で1000ppm希釈



















1000    2000     5000
1   コマンチ
2  ワンマン3   おかめ4  グロー リー5   トライ6  マナスル
7   ′｀ロック8  丸粒東海9  モンタナ
10     リー ド




































































































































































































































































・水ポテンシャル :播種 50日後の中庸株の中位葉 3葉について,プレッシャーチャンバー法で
測定した。
























































































































性の強い `サンライト'と `オー ライ')を1ポットあたり3株となるように播種した。施肥は,









であったのに対して20mM NaCI区は56%,40nlM NaCI区は53%,601nM NaCl区は62%,120nM NaCl

































































光合成有効放射量約 450 μ mo1/m2/s,相対湿度 60%に設定した。温度条件は光合成速度測定時













































































































































































































を潅水した区より大きかった。最も大きかった 40mM KCt溶液潅水区は OmM潅水区と比較して
141%で,それに次いで大きかったNaC1 40?区は 136%であった。地上部乾物重については,第
7図に示すとおりであった,NaCl,Na2S04およびKClを潅水した処理区が0耐区と比べて増加す
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ホウレンソウに淡水 (0耐),NaCI(20耐,4 mM,60mM),Na2S04(10mM,20耐,3 alM),KCl(20mM,
40TIM,60mMj,CaC12(10nlM,20耐,3肺の および PEG6 00(NaCIの① 20耐,②40mMおよびC刈0耐




















































































































































































































刊:480mg  2:960mg  311440mg  4:1920mg  5:2400mg
図中のパーは標準誤差を示す



















































1:480mg  2:960mg  S:1440mg  4:1920mg  5:2400mg
図中のバーは標準誤差を示す .











20mM NaCl区の光合成速度はOmM区よりも約 2 μ mol C02/m2/S大きくなっている。また,気了L
コンダクタンスについても,20mM NaCI区の方がK供給量 1ではで0.06mo1/m2/s大きく,K供
給量 2では 0。 16mo1/m2/s大きかった。

























































1:480mg  2:960mg  3:1440mg  4:1920mg  5:2400mg
図中のバーは標準誤差を示す .
【



































































1:480mg  2:960mg  3:1440mg  4:1920mg  5:2400mg
図中のバーは標準誤差を示す.


































































































1:480mg  2:960mg  3:1440mg  4:1920mg  512400mg
図中のバーは標準誤差を示す

















































`オー ライ'では,K供給 480mg/ポット～1440mg/ポットの範囲では 20mM NaCl区の生体重
が OmM区よりも大きかったが,Kが過剰に供給されると小さくなった.乾物重については,K
が過剰に供給されている 2400mg/ポットでは生育が抑制されたがぅ480～1920mg/ポットの範囲







































`オー ライ'では,K不足段階と考えられるK供給 480mg/ポットで 0.7 μ mol C02/m2/s,K




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































50       17.68           -0,25
100      32.52           -0.49
150      47.35           -0,73
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向があった。一方,無果皮種子は,1 001nM NaCt溶液の潅水でも80%以上の出芽率があり,1 00nlM
以下のNaCl濃度では出芽率に種子重間差異は認められなかった.
出芽日数については第 18表に示す。150mM以下のNaCI濃度では150耐③区を除いて有果皮





































































































































































































































































35倍希釈海水(TDS 1000ppm),17.5倍希釈海水(TDS 2000ppm)および7倍希釈海水(TDS 5000ppm)
の4種の潅漑水を潅水して,1989年から1990年にかけて第 22図に示した葉菜類を9作連続し
て栽培し,塩類集積土壌を人為的に作成した。
耕うん,施肥 (N IP205:K20=14:21.3:14 kg/10a)の後,播種前の土壌を採上し,1991年5月23
日にホウレンソウ `おかめ'を播種し,36日間栽培した。






1-4作チンゲンサイ     ~5--6-5作ホウレンソウ
6作コマツナ                ー7-











ホウレンソウ栽培前の土壌EC値は OppⅢ区では 580 μ S/cm,1000ppm区では 580 μ S/
cm,2000ppm区では890 μ S/cln,5000ppm区では 1350 μ S/側であった(第24図).
前9作に用いた潅漑水の塩類濃度,植栽の有無および潅漑水の塩類濃度がホウレンソウ
栽培後の土壌EC値におよばす影響を第 25図に示す.EC値は鉛直方向の採土位置では,土
































































500      1000      1500  0
EC(μS/cm)








潅水区の値を見ると地下 5 cm以下の採上位置では100 μ S/cmを越える区画はなく,1000ppm







































































































































































































































































































ことで,土壊中のEC値は 100 μ S/cm以下となった。1000ppm希釈海水を潅水して栽培した場合
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HigL salinity inhibits plant growth usually and has a negative erFect on crop
pЮduction.It is believed that lesser saline water is better for irigation.Paradoxlcally
some plants are favored by saline conditions and need Na+as an essential element Jbr
growth pЮmotion.The object?es of this study were→o pЮmOt  the yowth and
erFectively cult?att vegetable crOps by ut?zing saline lrrlgation water without sa比
accumulation on so工surface and b)tO Study the physiological cause for promotion of
vegetable crOps by saline water.
Chapter l:
Vegetables
Ettcts of Diluted Sea―wa r on Growth oF Several Lea敷
To select crops ofwhich the gro¬th s promoted by saline water,7 croP cuttivars were
解own by usingと℃ h water and d?uted sea‐water for Ⅱrigation.  The crops tested in this
study inchde 4 crops of ttβ側
"species,Chinese wl■
ite cabbage(Jf・2Sy∽2町ク餌歩ねL。),
Chinese cabbage(盈郷 肋 ″叩 9Jtt L。),komatsuna(盈郷 励 raptt L.),and Bell―
gttη磁 愛薯耀L.×筋 ∂β,榜∽叩
“
″むL。)and 3 cЮps of Chenopodiaceae species,spinach
(助れβtta ttaσ9β L.),leaf Sugar beet(挽″矛η紗 ガむL.),and Saltwort(S】盟J2肋っっガ
Iliin).  The total salinity of diluted sea‐wa er was r gulated in the range 1000 and 2000
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ppmo ln con■pattson to ttesh water though sahne water inhibtted growth of all ttL駈切iθα
species in companson of ttesh water,top ttesh weight of the 3 Chenopodiaceae species
considerably increase with irrigation with sahne water。
Chapter 2:  Eヨ腱cts of Salt Water on Spinach
A series Of expettments was conducted to determine the promotion of the growth of
spinach(身
"2Z力
通 &σθtt Lうby ittigation with saline water.The indi?dual
experlments are desc?bed below.
2‐1:Relation between concentration of sea‐water nd cation content ofleaf
Thirteen spinach cultivars were used to mvestigate the clfects of concentration of
salts on growth rate and cation conttnt of spinach leaf in spinach.Fresh water tOppm
Saltl and diluted sea‐water containing 1000,2000 and 5000ppm salt were used for
ir?gation. 12 of the cuttivars showed high top とesh weight by 4rigation of sea‐w謝跨r
containing 1000ppm sa■.The tot l cation(Na■ttMg2++K十caりCOttent of the leaf
increased,according to illcrease of salt in he ?地atiOn water.The total Mg2++K・+Ca2■
content of the leaf was not alfected by sahnity of i■・?gat  water was ibout
200HIInoV100gDW in an spinach cultivars,  On the contra呼,Nattcontents ofthe leafwere
digerent among cultivars grown by irigated sea‐water at 1000ppm. The cultivars ha?ng
higher Na■content ofthe leafshared he larger top dry weight.
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2‐2:GrOwth analysis
Fresh water and sea‐water contain?g 1000 and 2000ppm salt were used for
? gation.Top ① and rOOt C勁色esh Weight,leaf area,water potential,and number of
stomata were measured for growth analysis.Topたootc凧)ratiO and relative growth rate
(RGR)were Calculated.Topとesh weight,leafarea,and T/R ratio displayed the? values
were highestin he 1000ppm treatment and water potential and number ofstomata in the
2000ppm treatment.RGR during 30 to 40 dtts was the highest in the 1000ppm
treatnent.
2‐3:Ettёcts ofirigation with NaCl sOlution o■le fittutt by Oxalic Acid
Spinach was lrngated with NaCl solution. Aqucous solution(1000ppm)of OXalic
acid was applied to spinach leaveso Spinach growth was inhibited and oxaLc acid Lttury
was not reduced by Na+.
2-4:E韻礎ts ofsatt water on photosynthetic and respとation ra e
Two cultivars Of spinach were planted in pots, placed in a growth chamber and
ir?gated with ttesh water or a 20mA/1 NaCl sohtion.And temperature was attuSted tO
15,20,25 and 80て
' for measurements of photosynthetic rate and to 10,15,20,25 ind 30℃
for lneasurements of dark respiration.   Respとation ncreased with temperature
?
?
』Tespective of the i■Irigation treatment,  Photosynthesis increased with temperature and
reached peak at 20℃.  However,for cultivar,4tlas',being urigated with 20mM NaCl
solution,pLotosynthetic rate increased when compared to ttesh water treatment. That is,
it wasincreased by about l μ mol CO』遠 sin 25℃and 2 μ molCOノItts in 30℃by using
20mAA NaCl solution.
2‐5:Root respとation rate
Root resp?ation rate ofspinach was investigated.  Spinach were irrigated with Jとesh
water or 20mM and 40mWI NaClsolutiono NaCl did not arfectr。。t resp?ation.
2‐6:I]]もcts of salts on growth rate oftop and cation content ofleaf
Spinach was cu比? ted under lrrlgation with ttesh water and solutions of NaCl,
Na2S04,KCl,CaC12,and PEG6000, In comparison toとesh water lrngation with NaCl,
Na2S04,and KCl ?creased both dtt andとesh weight,Increment in ttesh weight over the
とesh water control were abOut 30%. The corresponding increment in dv weight was
about 10°/0. This indicates that htatiOn、vi  sattne water did not promote dtt natter in
the top accumulation by increased water contents when conlpared to■rngati  wi h tt sh
water.An increase in both ttesh aェld dry weight were accompanied wtth increase in Na十
and KI contents ofthe leaves.
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2‐7:  Erects of NaCl and K fertiLzers On grOwth rate ofspinach and kOmatsuna
Spinach cultivars埋tゝlas'and払己Right'and komatsuna cult?ar ttmdou_wase'were
plantedo The plants were treated with sOlutiOn containing potassium. K was substituted
in dirFerent proportiOns by Na.  GrOwth of spinach displayed better when treated、vith a
fertilizer ln■x contalling 20%Na than when treated with sole K. In komatsuna,however,
the growth was lll?bited by lnixing Na+into fertiLzer naixture contauling Na+.
Spinach cult?arsムtlas'and払己 ?ght'and kolnatsuna cult?ar ttmdo ‐wase'were
treattd with a potass?m fer ?zer in which the level ofK was attusted ttOm 1/8 to 5/3 of
the normallevel. The plants were irigated with 20mM NaCl sollltion. In cOmparison to
色esh water i■?gation with 20mM NaCl increased top t・esh weight of spinach ciltivar
4tlaざ,とRspective Of potassium level.FOr Other spinach cult?ar払』五ghザ 静?gation
with 20mM NaCl sOlution increased top growth in absence ofor in presence of adequate K
supply.However,at excess K levels top growth was reduced in cOmpattson to the
corresponding ttesh water treatlnents,  In komatsuna ?rigation with 20 M NaCl
inhibited tOp growth, とTespec ive Of potassium level. Photosyllthetic rate, ln spinach
cult?arツゝtlas'was increased byと?gation with 201?M NaCl solutiOn at low and shghtly
high K supply. In spinach cult?ar 払ユl Right' irrigation with NaCl increased
photosynthetic rate Only tt low K.The increase in photosynthetic rate could be attibuted
to enlargement of stomatal opelungs』■the NaCl ? gated plants,  In conttast,bOth top
佳esh weight and photOsynthesis were higher in komatsuna when i■・rigated w thとesh
123
water。
he above results showed that spinach response to irngation with氏&Clis induenced
by vanety.In some vaneties top gro7rth Was pЮmoted by low K supply.However,in
other varleties s』阻c nt K supply was needed. On the other hand, komatsuna
development was suppressed by NaCl ? espective ofK supply.
2‐8:CondusiOn
The promotive eヨ腱ct of Na+on top growth of spinach was enhanced by low and
adequate K supply.Ir?gating with NaCl sohtion increased photosynthetic rate at high
telnperature.  As it was a conclusion enhancement of photosynthesis by sodium was the
direct for prOmotion ofspinach grcJwth.
Chapter 3:
GrOwth
E過偽cts of Amount of lr]mgation Sahne Water on Spinach
An experiment was undertaken to study he inlluence of soユwa er conte t and salt
on spinach growth.Fresh water or sea‐water containing 1000ppm were used for daily
? gation.IrttgatiOn treatments comp?sed 4.8mmノday,5.6 mノday,7.Omm/day and
10。5mm/day.  The adecluate amount of sahne water irttgation were less than that of the
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とesh water ? gation. In 5.6mコ∬day,7.Omコ∬day and 10.5mm/day wate?ng,sahne water
increased top ttesh weight cOmpared with ttesh water.  Fresh weight in 5.6mHゴday,
7.Omm/day and 10.5mm/day were 144%, 1270/O and 1330/O respect?ely over the
coresponding ttesh water treatments.  In compattson to the coresponding ll・esh water
trettt】ments the amount of water needed to produce lg dv matter in sahne water was 97,
67, 690/O and 690/O for 4.81nm/day, 5。6HIⅡゴday, 7.OIIIHゴday and 10.51xlm/day ? gation,
respectively.Na/K ratio of he leaftended to increase with decreasing amOunt of sal?e
watero  lncrease of Na/K ratio promote the top growth,  It appear that under less
迪migation ofsaline water,spinach absorbs preferenti劇咀y mOre Nattthan K+and higher Na+
content increases in top ttesh weight.
Chapter 4:
EElergence
E過鮨cts of Salt Acting on Spinach GerHlination and
The caるts of NaCl sOlution and pericarpぃremoval of seed on germination and
emergence of spinach were exaHlined.  Seeds with pe?carp displayed lower gerllination
than seeds without it,  The gernllnation of seeds with perlcarp decreased 点ュrther in
presence of NaCl, Pe?carp reIIloval resutted in more than 800/O geralination even at
200mM NaCl.Germination rate progressively decLIled with increasing concentratlon of
NaCl.The pericarp and NaCl reduced spinach emergenceo Spinach emergence
pro『essively decreased with increasing NaCl concelltration.In sphach removal ofthe
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pericarp inCreased spinach emergence rate to over 800/O even at a 100mWI NaC)l
concentration.
Chapter 5:  Salt accumulation at soil by irrigating diluted sea―water
Spinach was planted on salt accumulation so? which i剛直gated diluted ea‐water
containing 1000ppm,2000ppm and 5000ppm salts for 2 years and lrrigated withとesh and
diluted sea‐wator containing 1000ppm salts.ARer spinach cult?ation,soユEC decreased,
except ofthe surfaceo Even in the soiliコ?gated、vith saLne water containing 5000ppHl salt
for 2 years,the EC value of under ground soil was less than  100 μ Sんm by cult?ation
spinach by sea‐watero  Soil pH fo■owing spinach cultivation and ? gation with saline
water was 7.2 on the average compared with 6.4 before cuttivation.
It was found hat growth of some crop varieties belonglng to the family of
Chenopodiaceae was pЮmoted by irrigation with saLne water.Regardless of supply of K
fertilizer,spinach growth was promoted by NaCl solutiOn,  In spinach irigation with
NaCl sohtion increased photosynthetic rate at high temperature(mOre han 25℃).
EInergence rate of spinach was decreased by salt.  In case spinach culttvation and
? gation with sahne water removal of pe?carp sulted in better gerHlmation rate and
emergence rate.Furthermore,lrngation ofspinach with saLne water in sandy soユdid not
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lead to accumulation of salts because of leaching.  Thus saline water can be used for
? gation ofspinach in sandy soユs.
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